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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

The present invention relates to surgical instru- 
ments used to perform circular anastomosis of tubular 
tissue sections and, more particularly, to a surgical 
instrument suitable for installation of multi-ring com- 10 
pression devices for circular anastomosis of tubular tis- 
sue sections. The disclosure of EP-A-595 094 
(document under Art.54(3) EPC) includes drawings cor- 
responding to accompanying drawings Figures 1 to 23. 
EP-A-324 858 discloses the technical features of the is 
pre-characterising part of claim 1 below. 

2. Description of Related Art 

Some surgical procedures, such as repair of the 20 
colon, require the joining of two rather large sections of 
tubular tissue. During these procedures, a diseased 
area of tissue is excised leaving two free ends of healthy 
tissue to be joined. Some known methods of joining the 
tissues include stapling or suturing the ends together. A 2s 
more recent advancement in the art, called a multi-ring 
compression device, is used to clamp the free ends of 
the tissue between a series of interlocking rings whose 
centers are then cut away. 

Typically, a multi-ring compression device consists 30 
of an outer ring assembly which fits over an intermedi- 
ary ring. The two rings are then locked together by 
inserting an inner ring in the intermediary ring which 
locks in place. 

In use the free open ends of tissue are captured 35 
between the outer ring assembly and the intermediary 
ring. The entire assembly is then locked together by 
insertion of the inner ring. The inner core of the ring 
assembly is then cut away along with any excess tissue. 
The clamped tissue within the rings is deprived of blood 40 
causing necrosis to take place. The outer tissue heals 
while the necrosised inner tissues and clamps are 
detached and expelled by the body. Newer clamps or 
compression rings, such as those shown in U.S. Patent 
No. 4,966,602, have a fragmentable structure which 45 
enhances the bodies ability to expel the device. 

Various surgical instruments have been developed 
to install the multi-ring compression devices. One 
known surgical instrument used to install the compres- 
sion rings is shown in U.S. Patent No. 4,681,108 to so 
Rosati et al. This instrument generally comprises a 
cylindrical housing having means for aligning the rings 
within the tubular tissue sections, driving means for 
clamping the rings together in locking arrangement 
around the tissue sections and cutting means for 55 
removing excess tissue ends and detaching the instru- 
ment from the rings. In the Rosati et al. instrument, the 
cutting means consists of an advancing circular blade 
which both cuts the tissue and rings and pushes the 



rings free of the instrument in one continuous stroke. 

Another known instrument for installing multi-ring 
compression devices is shown in U.S. Patent No. 
4,907,591 to Vasconcellos et al. This instrument 
includes such features as a rotating cutting blade and 
locking means to isolate the operation of aligning and 
clamping the rings from the separate continuous opera- 
tion of cutting the excess tissue and freeing the instru- 
ment from the tissue. 

Still other instruments, such as the flexible broncho- 
scope shown in U.S. Patent No. 4,880,015 to Nierman, 
include provisions for insertion of accessory instru- 
ments such as biopsy forceps through the instrument in 
order to access the operative site. U.S. Patent No. 
4,81 7,847 to Redtenbacher discloses a circular stapling 
device having a removable anvil head provided with 
means to attach an endoscope to the anvil head. 

SUMMARY AND OBJECTIVES OF THE INVENTION 

The characteristic technical features of the present 
invention are recited in claim 1 below and provides a 
surgical instrument suitable for insertion and assembly 
of multi-ring compression ring devices for circular anas- 
tomosis of tubular or hollow organ tissue sections such 
as, for example, the stomach, colon, etc. The instrument 
may comprise a body having means to support and 
align the rings, means for clamping the rings around the 
free ends of the tissue sections, means for coring away 
excess clamped tissue and the centers of the rings, 
separate means for releasing the clamped rings from 
the instrument and dwell means to delay releasing the 
rings until after the coring operation is complete. The 
instrument may additionally include means for detach- 
ing a portion of the support means to facilitate installa- 
tion and alignment, safety means to ensure safe 
operation and means for supplying various knife blade 
profiles. 

In one embodiment of the invention a continuous 
bore extends longitudinally throughout the length of the 
instrument to provide a passageway for accessory 
instruments such as, for example, endoscopes, grasp- 
ers, cutters and the like. 

Additionally, lockout means may be provided to pre- 
vent coring of the tissue sections until they have been 
clamped. 

It is an object of the present invention to provide 
means to protect the user when the knife blade is in a 
proximalmost position. 

The invention can provide venting means to prevent 
excessive pressure build-up in the device during clamp- 
ing of the rings about tissue. 

Other novel features and objects of the invention 
will become evident from the following detailed descrip- 
tion of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The description which follows is given with refer- 
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ence to the drawings wherein: 

Fig. 1 is an overall perspective view of a ring appiier 
instrument; 

Fig. 2 is an enlarged side detail view of the handle 
portion of the instrument; 

Fig. 3 is an exploded perspective view of the instru- 
ment; 

Fig. 4 is an enlarged side detail view of the head 
portion of the instrument of Fig. 1 showing retrac- 
tion of an outer ring over an intermediary ring; 

Fig. 5 is a similar view thereof showing insertion of 
an inner locking ring into said intermediary ring; 



Fig. 6 is a similar view thereof showing the 
advancement of the coring means through the 20 
outer ring; 

Fig. 7 is a similar view thereof showing the release 
of the coupling assembly from the present inven- 
tion; 25 

Figs. 8a and 8b are side and top detail views of the 
shifter keys; 

Fig. 9 is a perspective view of a diseased section of 30 
the colon being excised and showing a detachable 
portion of the instrument deployed in a distal sec- 
tion of the colon; 



Figs. 18a, 18b, 18c and 18d are detail views of 
other varying xternal cup portions of the alterna- 
tive instrument incorporating another variation of 
the detachable outer ring support and associated 
trocar tips; 

Fig. 19a, 19b, 19c, 19d and 19e are detail views of 
a female outer ring; 

Figs. 20a, 20b, 20c, 20d and 20e are detail views of 
a male outer ring; 

Figs. 21a, 21b, 21c and 21d are detail views of an 
intermediate ring; 

Figs. 22a, 22b, 22c and 22d are detail views of an 
inner ring; 

Fig. 23 is an exploded perspective view of an alter- 
nate embodiment of the instrument; 

Fig. 24 is a perspective view of a first embodiment 
of the invention; 

Fig. 25 is exploded perspective view of the body 
portion and retractor portion of the Fig. 24 instru- 
ment 

Fig. 26 is an exploded perspective view of the head 
portion of Fig. 24; 

Fig. 27 is a perspective view, partially shown in sec- 
tion, of the head portion; 



Fig. 10 is a perspective view showing the trocar 35 
points pulled through the stapled edges of the tis- 
sue; 

Fig. 1 1 is a perspective view showing a detachable 
trocar point being removed by grippers; 40 

Fig. 12 is a perspective view showing the detacha- 
ble assembly being attached to the instrument; 

Fig. 13 is a perspective view of the colon just prior 45 
to clamping the ring assemblies; 

Figs. 14a, 14b and 14c are views of various knife 
blade profiles; 

50 

Fig. 15 is a perspective view showing an alternate 
double handle embodiment of the instrument; 

Fig. 16 is a side detail view of the handle portion of 
an alternative instrument; 55 

Figs. 1 7a, 1 7b, 1 7c and 1 7d are top and side detail 
views of one variation of the external cup including 
associated trocar tip and center rod; 



Fig. 28 is a partial plan view of a band attachment 
means; 

Fig. 29 is an enlarged exploded view of a lockout 
mechanism utilized in the device of Fig. 24; 

Fig. 30 is a partial side perspective view of the body 
portion; 

Fig. 31 is a perspective view, partially shown in sec- 
tion, of the instrument of Fig. 24, illustrating the 
throughbore; 

Fig. 32 is a perspective view, partially shown in sec- 
tion, of the instrument of Fig. 31, with an accessory 
instrument inserted therethrough; 

Fig. 33 is an enlarged side cross-sectional detail 
view of the head portion of the embodiment of the 
Fig. 24 showing an outer ring retracted over an 
intermediary ring; 

Fig. 34 is a view similar to Fig. 33 showing insertion 
of an inner locking ring; 
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Fig. 35 is a view similar to Fig. 34 showing advance- 
ment of the coring means through the outer ring; 
and 

Fig. 36 is a view similar to Fig. 35 showing the 
release of the assembled ring assembly from the 
frame. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to Figs. 1 to 23 of the drawings 
wherein like numerals represent identical parts through- 
out the several views, and more particularly with refer- 
ence to Fig. 1, the ring applier 10 generally includes a 
body portion 12, a head portion 14 and a retractor por- 
tion 16 extending through body portion 12 and head 
portion 14. An external tube 18 joins head portion 14 to 
body portion 12. 

For a detailed description of what is shown in Figs. 
1 to 23, the reader is referred to EP-A-595 094. How- 
ever, the text which follows and which describes Figs 24 
to 36 is readily understood without such reference. The 
remaining presence of Figs. 1 to 23 nevertheless 
assists understanding of the present invention. 

A first embodiment of the present invention is illus- 
trated in Fig. 24 wherein ring applier 300 generally 
includes a body portion 302, a head portion 304 and a 
retractor portion 306 extending through body portion 
302 and head portion 304. 

As shown in Fig. 25, body portion 302 is comprised 
of a pair of body halves 308 which, when combined by 
alignment pins 309, and fastened together by means of 
bushing inserts 310 and screws 312, form an elongated 
front end tube 314, preferably curved, having a cavity 
316 therein. Body halves 308 have wing shaped back 
ends 318 which, when combined, form a cavity 320 
communicable with cavity 316. A shrink wrap 322 may 
be provided to aid in holding body halves 308 together 
and present a smooth outer surface when ring applier 
300 is assembled. Body portion 302 further includes a 
pair of handles 324, pivotally and opposingly mounted 
on bushing insert 310, each handle 324 having an 
inwardly directed front end 326 extending through cavity 
320 and into cavity 316. A knife cam 328 is slidingly dis- 
posed within cavity 316 on side grooves 330 formed 
within body halves 308 and is in abutting contact with 
inwardly extending front ends 326 of handles 324 such 
that pivoting handles 324 together forces knife cam 328 
forward within cavity 316. A knife retractor spring 332 is 
located within body portion 302, and positioned 
between flange 334 on body halves 308 and knife cam 
328, to bias knife cam 328 rearwardly. 

A pair of semicircular guide inserts 336 are dis- 
posed within tube cavity 316 and extend therethrough. 
Each insert 336 has a pair of longitudinally extending 
projections 338 along each of their respective longitudi- 
nal edges such that, when paired in abutting relation to 
form a complete tube, and positioned within mating 
body halves 308, define inner 340 and outer 342 pairs 



of coaxial and longitudinally extending channels, similar 
to channels 240 and 242 described hereinabove with 
respect to ring applier 200, in inserts 336. 

Referring to Figs. 26 and 27 head portion 304 is 

5 similar to head portion 14 referred to above and con- 
tains similar parts/elements recited therein including 
pusher 346 having integral shifter keys 348, knife holder 
350 and knife blade 352 which function together in the 
same manner recited hereinabove. Specifically, refer- 

w ring now to Fig. 26 head portion 304 comprises an 
external cup 354 having a rear portion 356 and a front 
portion 358. Rear portion 356 includes a plurality of flex- 
ible fingers 360 at a proximal end and a threaded inte- 
rior 362. A support ring 344 (Fig. 25) is provided to hold 

15 fingers 360 against body halves 308 thereby securing 
rear portion 356 to body halves 308. 

Front portion 358 has a grooved distal end 364 for 
support of intermediary ring 52 and is threadably enga- 
gable with rear portion 356 of external cup 354 thereof 

20 by means of threaded surface 366. As best seen in Fig. 
27, front portion 358 forms an enlarged bore area 368 at 
a distal end and a reduced area portion 370 at a proxi- 
mal end beneath threaded surface 366. Front portion 
358 has a plurality of crosswise support members 372 

25 extending inwardly within enlarged bore area 368. Sup- 
port members 372 meet within enlarged bore area 368 
at a center boss 374 which surrounds a cerrterline of 
ring applier 300 to maintain an unobstructed bore there- 
through and for support of a knife shield 376 as 

30 described hereinbelow. 

Front portion 358 of external cup 354 further 
includes a plurality of dwell recesses 378 located on an 
inner surface 380 (Fig. 27) of front portion 358 and dis- 
posed within a threaded section 366 of front portion 358 

35 to guide shifter keys 348. 

Additionally, front portion 358 and rear portion 356 
may be provided with venting means similar to that 
described in U.S. Patent No. 4,304,236 to Conta et al. 
including vent holes 359 (Figs. 26, 31 and 32). 

40 Pusher 346 (Fig. 26), having resilient means in the 
form of a pair of flexible arms 382 which terminate in 
integral shifter keys 348 and having a pair of relatively 
rigid driving arms 384, is siidably disposed within exter- 
nal cup 354. Pusher 346 further has a circumferential 

45 flange 386 at a distal end which resides in enlarged 
bore area 368 of external cup 354. The longitudinal 
openings between arms 382 and driving arms 384 facil- 
itate sliding pusher 346 around crosswise support mem- 
bers 372. Pusher 346 siidably supports inner ring 72 

so within enlarged bore area 368 of external cup 354. 

Knife holder 350 has a circumferential flange 388 at 
a proximal end and is siidably disposed within pusher 
346. Knife holder 350 further includes a plurality of sup- 
port arms 390 having outwardly projecting tabs 392 for 

55 engagement with flexible end portions 394 of circular 
knife blade 352 to affix knife blade 352 to a distal end of 
knife holder 350. Engagement means in the form of 
shifter key recesses 396 are formed on an outer surface 
of two opposing support arms 390. A plurality of longitu- 
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dinai channels 391 between arms 390 slidably surround 
support members 372, respectively, and when com- 
bined with knife blade 352 serve to limit the travel of the 
assembled knife blade 352 and holder 350 within exter- 
nal cup 354. Finally knife shield 376 is disposed within 
knife blade 352 and frictionaliy engages central boss 
374. Knife shield 376 projects past knife blade 352, 
when knife blade 352 is in a proximalmost position, to 
protect the user. 

The motion of handles 324 is transmitted to knife 
holder 350 by means of a pair of knife bands 400 (Fig. 
25) which are slidably supported within outer channels 
342 and extend therethrough. Knife bands 400 are 
affixed to knife cam 328 at a proximal end by means of 
pins 402 and to knife holder 350 at a distal end by 
means of pins 404 such that pivoting handles 324 slides 
knife holder 350 within pusher 346 thereby transmitting 
the motion of handles 324 through inserts 336 in front 
end cavity 316. 

In an alternate embodiment, knife bands 400a are 
substituted for knife bands 400 and knife holder 350a is 
substituted for knife holder 350. Ends 406 of knife bands 
400a are affixed to knife holder 350a and knife cam 328 
by means of flared projections 408 on ends 406 of 
bands 400 and corresponding notches 410 on knife 
holder 350a and knife cam 328 as shown in Fig. 28. 
This arrangement eliminates the need for pins 402 and 
404 and facilitates maintaining an open channel 
throughout ring applier 300. 

Referring to Figs. 25, 29 and 30, ring applier 300 is 
preferably provided with a wing safety 412 rotatably 
mounted on wing shaped back ends 31 8 and positioned 
between handles 324 such that safety 41 2 blocks move- 
ment of handles 324 in a first position and allows free 
movement of handles 324 when safety 412 is rotated to 
a second position. Springs 413 are provided between 
wing safety 41 2 and wing shaped back end to bias wing 
safety 412 into the first or locked position. 

At a proximal end of ring applier 300, as shown in 
Fig. 25, retractor portion 306 includes a barrel 414, 
defining a bore 416, and rotatably attached to wing 
shaped back end 318 at a distal end, which extends 
backwards from wing shaped back end 318 and is cen- 
tered between opposing handles 324. A tail member 
41 8, defining a bore 420 communicable with wing cavity 
320 is rigidly affixed to barrel 414 by means of screws 
422 at a distal end of barrel 414 for rotatable support of 
tail member 418 on wing shaped back end 318. Flange 
424 on barrel 414 rotates within grooves 426 (Fig. 29) 
on body halves 308. 

A cam-clamp 428 (Fig. 25) having a variable helical 
depression 430 on an outer surface thereof, and defin- 
ing a bore 432 is slidingly suspended within barrel bore 
416 by means of a guide tube 434 which is affixed to 
wing shaped back end 318 at a first end and extends 
through bore 432 in cam-clamp 428 to guide cam-clamp 
428 within barrel bore 416. Variable helical depression 
430 in cam-clamp 428 is initially of a slow rate of twist at 
a proximal end of cam-clamp 428 to provide a rapid ini- 



tial approximation of rings 52 and 94. At the distal end of 
cam-clamp 428 the helical depression 430 changes to a 
rapid rate of twist to provide slower more precise 
approximation of rings 52 and 94 and to provide 

5 increased torque for clamping rings 52 and 94 around 
ends of tubular tissue sections. 

A barrel insert 436 is attached to a proximal end of 
barrel 414 by means of pins 438. A guide pin 440 is rig- 
idly affixed to barrel insert 436 at a proximal end thereof 

w such that a free end of pin 440 extends into and 
engages helical depression 430 of cam-clamp 428. By 
rotating tail member 418, barrel 414 drives pin 440 in 
helical depression 430, thereby drawing cam-clamp 428 
rearwardly along guide tube 434 initially at a fast rate 

is and subsequently in a slower, stronger and more pre- 
cise fashion. 

Referring again to Figs. 26 and 27, retractor portion 
306 further includes a shortened clamp rod 442 extend- 
ing into external cup 354 at a proximal end thereof and 

20 having slots 444 to allow the tube neck 444a to expand 
to create a snap-fit type of engagement with a center 
rod assembly 98 similar to that referred to above in ring 
applier 10 and is supplied with a similar trocar tip 99. 
As shown in Fig. 25, retractor portion 306 further 

25 includes a pair of clamp bands 446 slidably suspended 
within inner channels 340 and attached at distal ends 
thereof to clamp rod end 448 (Fig. 26) by insertion of 
band 446 into slots 450 of clamp rod end 448 and 
affixed thereto by means of pins 452. Bands 446 are 

30 affixed to cam-clamp 428 at proximal ends thereof by 
means of pins 454. Clamp rod end 448 is affixed around 
clamp rod 442 to connect clamp bands 446 thereto. 
Turning tail member 418 moves cam-clamp 428, and 
thus center rod assembly 98, axially thereby transmit- 

35 ting the motions of cam-clamp 428 through channels 
340 to center rod assembly 98. Alternatively, clamp 
bands 446 may be connected to clamp rod end 448 and 
cam-clamp 428 by means of the flared projec- 
tions/notches system described with respect to knife 

40 bands 400 hereinabove. 

A particularly advantageous feature of ring applier 
300, as shown in Figs. 29 and 30, is lockout means in 
the form of a lockout safety 456 which prevents turning 
wing safety 412 unless and until clamp band 446 is fully 

45 retracted. Lockout safety 456 includes a lock plate 458 
slidably supported within plate channel 460 formed in 
wing shaped back end 318. Lock plate 458 includes a 
centrally positioned dog leg shaped engagement leg 
462 and a lock tab 464 at a proximal end for engage- 

so ment with a metal insert 470, which is located in 
notched area portion 472 of wing safety 412. Projection 
466 is provided at a proximal end of one clamp band 
446 to contact and move engagement leg 462. A lock 
spring 468 is provided to bias lock plate 458 distaliy in a 

55 locked position. Also included is a display slide 474 and 
leaf springs 476 disposed between lock plate 458 and 
wing shaped back end 318 such that slide 474 is visible 
through window 478 in wing shaped back end 318. An 
indicator mark 480 on display slide 474 shows through 
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window 478 and indicates when clamp band 446 is fully 
retracted and ring appiier 300 is ready to fire. 

In a preferred embodiment of ring appiier 300, a 
longitudinal through bore 482 (Fig. 31) extends through- 
out the length of ring appiier 300 to allow accessory 
instruments such as endoscopes, grasping or cutting 
forceps, and the like to be inserted into ring appiier 300 
at a proximal end and be communicable with a distal 
end of ring appiier 300. As best illustrated in Figs. 31 
and 32, throughbore 482 extends through guide tube 
434 positioned within tail bore 420 in tail member 418. 
As noted above, guide tube 434 is affixed to wing 
shaped back end 318 and extends into wing cavity 320. 
A channel 484 is formed by paired guide inserts 436, 
within tube cavity 316 in front end tube 314. Bore 482 
continues from wing cavity 420 through channel 484 
which is communicable with wing cavity 420. 

In this embodiment it can be readily appreciated 
that to maintain an unobstructed bore 482 throughout 
ring appiier 300, knife.cam-328 must contain a cavity 
486 as shown in Figs. 25 and 31 , to allow a continuous 
communicable passageway through wing cavity 320. 
Additionally, inwardly directed ends 326 (Fig. 25) of piv- 
otable handles 324 should allow enough clearance 
around bore 482 so as not to obstruct bore 482. 

As shown in Fig. 25, paired inserts 336, and thus 
channel 484, terminate within cavity 316 proximally of 
head portion 304. Therefore, bore 482 extends on 
through tube cavity and is coaxial therewith. In the pre- 
ferred embodiment, knife holder 350 is hollow having a 
knife bore 488 (Fig. 26) coaxial and communicable with 
tube cavity 316. Thus bore 482 continues from channel 
484 through tube cavity 316 and on through knife holder 
350. Finally, bore 482 extends through and exits out a 
distal end of clamp rod 442 which is also communicable 
and coaxial with tube cavity 316. 

Preferably, bore 482 is of circular cross section hav- 
ing a minimum inner diameter on the order of approxi- 
mately 2 to 6 millimeters and more preferably 
approximately 5 millimeters. 

An endoscope 490 may be inserted through bore 
482, as best shown in Fig. 32. Typically endoscope 490 
includes a barrel section 492 which extends through 
bore 482 and terminates in a lens 494 located at a distal 
end of barrel section 492. 

While the provision of a relatively rigid endoscope 
has been illustrated with respect to the straight bodied 
ring appiier of Fig. 32, it is within the contemplated 
scope of the invention to provide curved bodied ring 
appiier 300 with a relatively flexible endoscope for use 
therein. And while the provision of a longitudinally 
extending bore has been described with regard to the 
present ring appiier, it is within the contemplated scope 
of the invention to provide other surgical instruments 
with a bore therethrough to provide auxiliary access to 
the operative site for accessory instruments, such as, 
for example, endoscopes, graspers, cutters and the like. 

In use, ring appiier 300 is readied and operated in 
similar fashion to ring appiier 10 as shown in Figs. 9-13. 



In one embodiment of ring appiier 300, after center rod 
assembly 98 has been deployed in a distal section of 
tubular or hollow organ tissue, trocar tip 104 is removed 
from the surgical field by grippers (Fig. 11) prior to 

5 attaching center rod assembly 98 to clamp rod similar to 
that shown in Fig. 18b hereinabove. 

After ring appiier 300 has been inserted into a 
patient an endoscope may be inserted through bore 
482, as best shown in Fig. 25. Endoscope 490 may be 

10 used to locate and view the areas of tissue to be joined. 
Additionally, gripping or cutting devices may be inserted 
through bore 482 to grasp or cut sutures or tissue or the 
like at the operative site before or after anastomosis. 
Turning tail member 418, analogous to the turning 

15 of clamp knob 34 above, draws cam-damp 428 rear- 
ward initially a rapid rate to provide quick approximation 
of rings 52 and 94 and subsequently at a slower rate for 
more precise approximation of rings 52 and 94. 
Increased torque accompanies the slower approxima- 

20 tion rate to apply a higher clamping force between rings 
52 and 94 and the tissue section clamped therebe- 
tween. 

In the embodiments with the lockout safety 456, 
lock tab 464 is initially biased by spring 468 into 

25 engagement with metal insert 470 thereby locking wing 
safety 412 from rotation. When clamp band 446 is fully 
drawn rearward ly, projection 466 abuts engagement leg 
462 moving lock plate 458, and thus lock tab 464, prox- 
imally out of engagement with metal insert 470 and into 

30 notched area portion 472 of wing safety 412 allowing 
wing safety 412 to turn freely. Indicator mark 480 shows 
through window 478 indicating that cam-clamp 428 is 
fully retracted and that wing safety 412 is free to rotate 
thereby unblocking handles 324. 

35 The pivoting of handles 324 is analogous to the piv- 
oting of handles 24 above in that the knife holder 350 is 
forced forward carrying with it pusher 346 to initially 
insert locking inner ring 72 into intermediary ring 52. 
However, in the aforementioned embodiments, the 

40 shifter keys moved within shifter key channels located 
within the pusher. In ring appiier 300, shifter keys 348, 
being integral with flexible arms 382 of pusher 346, are 
biased into engagement with shifter key recesses 396 in 
knife holder 350 when in reduced area portion 370 (Fig. 

45 33). Thus pusher 346 moves with knife holder 350 as 
handles 324 are pivoted to insert inner ring 72 into inter- 
mediary ring 52. When inner ring 72 is fully inserted, 
shifter keys 348 flex outwardly (Fig. 34) into enlarged 
area portion 368 of external cup 354 and out of shifter 

so key recesses 396. Disengaging pusher 346 from knife 
holder 350 allows knife blade 352 to advance independ- 
ently of pusher 346 to core the centers of rings 94 (Fig. 
35) and tissue clamped therebetween in a manner sim- 
ilar to that described hereinabove. Thus shifter keys 348 

55 serve to alternately engage and disengage pusher 346 
from knife holder 350 and thus preventing release of the 
assembled rings prior to completion of coring of the 
excess tissue. After coring, flange 388 on knife holder 
350 abuts driving arms 384 of pusher 346 to finally push 
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assembled rings free from grooved distal end 364 of 
front portion 358 and thus from ring applier 300 (Fig. 
36). 

As noted above, support members 372 (Fig. 27) 
serve to limit the travel of knife and pusher 346. After s 
handles 324 are released, spring 332 biases knife cam 
328 proximally thereby drawing knife blade 352 proxi- 
mally. Knife shield 376 projects past a distal end of knife 
blade 352 when knife blade 352 is in the proximalmost 
position to protect the user. 10 

The claims which follow identify embodiments of 
the invention additional to those described in detail 
above. 

Claims 15 

1. A surgical instrument (300) for application of surgi- 
cal fasteners to a first hollow organ tissue section 
and a second hollow organ tissue section for anas- 
tomosis thereof, said surgical instrument compris- 20 
ing: 

(a) a frame portion (302); 

(b) retraction means (306) slidingly disposed 
within said frame portion for collecting a first tis- 25 
sue section and a second tissue section to be 
fastened; 

(c) pushing means (346) slidingly disposed 
within said frame portion for application of sur- 
gical fasteners to the collected first and second 30 
tissue sections; 

(d) coring means (350, 352) slidingly disposed 
within said frame portion, and engageable with 
said pushing means for advancement thereof, 

for coring excess tissue captured between the 35 
collected first and second tissue sections; and 

(e) resilient means (348) associated with said 
pushing means for alternately engaging and 
disengaging said pushing means with said cor- 
ing means, wherein said resilient means 40 
engages said pushing means with said coring 
means during application of the surgical fasten- 
ers and said resilient means disengages said 
pushing means from said coring means during 
coring; and wherein: 45 

(f) said coring means includes a knife assembly 
(350), having a blade member (352) at a distal- 
most end for cutting said excess tissue, said 
knife assembly having engagement means 
(396) for engaging said resilient means; and so 
the instrument being characterised by: 

(g) a knife shield (376) affixed to said frame 
portion (302) and extending distally of said 
blade member (352) when said blade member 

is in a proximalmost position. 55 

2. The surgical instrument as recited in claim 1 
wherein said resilient means includes at least one 
shifter member (348) flexibly affixed to said pushing 



means such that said shifter member engages said 
engagement means (396) during application of the 
surgical fasteners and disengages from said 
engagement means during coring of the excess tis- 
sue. 

3. The surgical instrument as recited in claim 2 
wherein said engagement means comprises a 
recess (396) in said knife assembly (350) and 
wherein said frame portion includes a chamber at a 
distal end thereof having an enlarged area portion 
(368) and a reduced area portion (370) proximal of 
said enlarged area portion, said at least one shifter 
member being resiliency biased away from said 
recess such that when said at least one shifter 
member and said recess are within said reduced 
area portion of said frame portion said shifter mem- 
ber is urged into engagement with said recess 
thereby engaging said pushing means with said 
coring means, and when said at least one shifter 
member and said recess are advanced into said 
enlarged area portion of said frame portion said at 
least one shifter member is biased out of engage- 
ment with said recess thereby disengaging said 
pushing means from said coring means. 

4. The surgical instrument as recited in claim 3 
wherein the surgical fasteners (52, 72, 94) include 
at least a first ring (94) and a second ring (72) for 
fastening the first and second tissue sections there- 
between. 

5. The surgical instrument as recited in claim 4 
wherein said retraction means comprises: 

(a) support means (41 4) located distally of said 
frame portion for holding said first ring; 

(b) a tail member (418) rotatably mounted at a 
proximal end of said frame portion; and 

(c) a retraction transmission assembly (98) 
affixed at a distal end to said support means 
and engageable at a proximal end with said tail 
member such that rotation of said tail member 
causes axial movement of said retraction trans- 
mission assembly, and thus of said support 
means; 

wherein said pushing means includes a 
pusher member (346) having a circumferential 
flange (386) adapted to support said second ring 
(72) during coring of the first and second tissue 
sections after fastening, whereby, 

(a) rotating said tail member (418) draws said 
first ring (94) proximally adjacent said frame 
portion collecting the first and second tissue 
section therebetween; 

(b) initial distal movement of said knife assem- 
bly through said frame portion allows said 
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shifter member (348) to engage said engage- 
ment means thus moving said pusher member 
through said frame portion driving said second 
ring into fastening relationship with said first 
ring thereby capturing the first and second tis- 5 
sue sections therebetween; and 
(c) further distal movement of said knife 
assembly through said frame portion allows 
said shifter members to bias out of engage- 
ment with said engagement means of said w 
knife assembly allowing said knife assembly to 
advance distally independently of said pusher 
member to thereby core excess tissue cap- 
tured between said first ring and said second 
ring. 15 

6. The surgical instrument as recited in claim 5 
wherein a distalmost portion of said enlarged area 
of said frame portion is adapted to support a third 
ring (52) -such that rotating said tail member draws 20 
said first ring over said third ring to collect the first 
and second tissue sections therebetween, and 
advancing said pusher member forces said second 
ring (72) into locking engagement with said third 
ring thereby fastening the first and second tissue 25 
sections. 

7. The surgical instrument as recited in any one of the 
claims 1 to 6 further comprising a spring member 
(332) for biasing said blade member in a proximal 30 
most position. 

8. The surgical instrument as recited in any one of the 
preceding claims, wherein said frame portion and 
said retraction means co-define a bore (482) 35 
extending axially throughout the length of the 
instrument and adapted to receive accessory 
instruments therethrough. 

9. The surgical instrument as recited in any one of the 40 
preceding claims, further comprising lockout means 
(456) associated with said frame portion for block- 
ing movement of said coring means until the first 
tissue section and the second tissue section are 
substantially collected by said retraction means. 45 

1 0. The surgical instrument as recited in any one of the 
preceding claims, further comprising venting 
means (359) to allow escape of excess air pressure 
between the collected first and second tissue sec- so 
tions and from within the instrument. 

Patentanspruche 



(a) einen Rahmenbereich (302); 

(b) eine Zuruckzieheinrichtung (306), die ver- 
schiebbar innerhalb des Rahmenbereichs 
angeordnet ist, urn einen ersten und einen 
zweiten zu befestigenden Gewebeabschnitt 
aufzunehmen; 

(c) eine Schiebeeinrichtung (346), die ver- 
schiebbar innerhalb des Rahmenbereichs 
angeordnet ist, urn chirurgische Befestiger an 
den aufgenommenen ersten und zweiten 
Gewebeabschnitten anzubringen; 

(d) eine AushOhleinrichtung (350, 352), die ver- 
schiebbar innerhalb des Rahmenbereichs 
angeordnet ist und in Eingriff treten kann mit 
der Schiebeeinrichtung zum VorrGcken dersel- 
ben, urn zwischen den aufgenommenen ersten 
und zweiten Gewebeabschnitten gegriffenes 
GberschuBgewebe auszuhdhlen; und 

(e) eine elastische Einrichtung (348), die der 
Schiebeeinrichtung zugeordnet ist urn 
abwechselnd in Eingriff zu treten mit der Schie- 
beeinrichtung und aus dieser auszurucken mit 
der AushOhleinrichtung, wobei die elastische 
Einrichtung die Schiebeeinrichtung in die Aus- 
hdhleinrichtung w&hrend des Anbringens der 
chirurgischen Befestiger einrOckt und die ela- 
stische Einrichtung die Verschiebeeinrichtung 
aus der AushGhleinrichtung wahrend des Aus- 
hGhlens ausruckt; und 

wobei: 

(f) die Aushdhleinrichtung einen Messeraufbau 
(350) umfaBt, mit einem Schneideelement 
(352) an einem am weitesten distal gelegenen 
Ende, urn das UberschuBgewebe zu schnei- 
den, wobei der Messeraufbau eine Eingriffsein- 
richtung (396) zum Ineingrifftreten mit der 
elastischen Einrichtung besitzt; und wobei das 
Instrument dadurch gekennzeichnet ist, daB: 

(g) ein Messerschild (376) am Rahmenbereich 
(302) befestigt ist und sich in distalter Richtung 
von dem Schneidenelement (352) erstreckt, 
wenn das Schneidenelement in einer am wei- 
testen proximal gelegenen Position ist. 

2. Chirurgisches Instrument gemaB Anspruch 1, 
wobei die elastische Einrichtung zumindest ein Ver- 
schiebeelement (348) umfaBt, das biegsam so an 
der Verschiebeeinrichtung befestigt ist, daB die Ver- 
schiebeinrichtung in Eingriff tritt mit der Eingriffsein- 
richtung (396) wahrend des Anbringens der 
chirurgischen Befestiger und von der Eingriffsein- 
richtung wahrend des AushOhlens des UberschuB- 
gewebes ausruckt. 
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1. Chirurgisches Instrument (300) zum Anbringen von 55 3. Chirurgisches Instrument gemaB Anspruch 2, 

chirurgischen Befestigern an einem ersten hohlen wobei die Eingriffseinrichtung umfaBt: eine Ausspa- 

Organgewebeabschnitt und einen zweiten hohlen rung (396) in dem Messeraufbau (350), und wobei 

Organgewebeabschnitt zur Anastomose dersel- der Rahmenbereich eine Kammer an einem dista- 

ben, wobei das chirurgische Instrument umfaBt: len Ende desselben mit einem Bereich (368) mit 



8 



15 



EP 0 643 946 B1 



16 



vergrOBerter Querschnrttsfiache und einem Bereich 
(370) mit verringerter Querschnittsfiache proximal 
zu dem Bereich mit vergrOBerter Querschnittsfia- 
che umfaflt, wobei das zumindest eine Verschiebe- 
element elastisch von der Aussparung so weg s 
vorgespannt ist, daB, wenn das zumindest eine 
Verschiebeelement und die Aussparung innerhalb 
des Bereichs mit verringerter Querschnittsfiache 
des Rahmenbereichs sind, das Verschiebeelement 
in Eingriff mit der Aussparung gedrOckt wird und w 
damit die Schiebeeinrichtung mit der Aushdhlein- 
richtung in Eingriff trrtt. und, wenn das zumindest 
eine Verschiebeelement und die Aussparung in den 
Bereich mit vergrOBerter Querschnittsfiache des 
Rahmenbereiches vorgerOckt werden, das zumin- 75 
dest eine Verschiebeelement aus dem Eingriff mit 
der Aussparung heraus vorgespannt wird und 
damit die Verschiebeeinrichtung von der AushOhl- 
einrichtung ausruckt. 

w.- . 20 

4. Chirurgisches Instrument gemaB Anspruch 3, 
wobei die chirurgischen Befestiger (52, 74, 94) 
zumindest einen ersten Ring (94) und einen zwei- 
ten Ring (72) zum Befestigen der ersten und zwei- 
ten Gewebeabschnitte dazwischen umfassen. 25 

5. Chirurgisches Instrument gemaB Anspruch 4, 
wobei die Zuruckzieheinrichtung umfeBt: 

(a) eine Stutzeinrichtung (414), die distal vom 30 
Rahmenbereich angeordnet ist, urn den ersten 
Ring zu halten; 

(b) ein EndstQckelement (418), das drehbar an 
einem proximalen Ende des Rahmenbereiches 
befestigt ist; und 35 

(c) einen ZurGckzieh-Ubertragungsaufbau 
(98), der an einem distal en Ende an der Stutz- 
einrichtung befestigt ist und an einem proxima- 
len Ende mit dem Endstuckelement so in 
Eingriff zu bringen ist, daB eine Drehung des 40 
Endstuckelementes zu einer axial en Bewe- 
gung des ZurQckzieh-Ubertragungsaufbaus 
und somit der Stutzeinrichtung fQhrt; 



Eingriff tritt mit der Eingriffseinrichtung und 
somit das Schieberelement durch den Rah- 
menbereich bewegt und den zweiten Ring in 
eine Befestigungsbeziehung mit dem ersten 
Ring treibt und somit die ersten und zweiten 
Gewebeabschnitte dazwischen greift; und 
(c) eine weitere distale Bewegung des Messer- 
aufbaus durch den Rahmenaufbau es den Ver- 
schiebeelementen gestattet, aus dem Eingriff 
mit der Eingriffseinrichtung des Messeraufbaus 
heraus vorgespannt zu werden und es dem 
Messeraufbau gestatten, in distaler Richtung 
unabhangig von dem Schieberelement vorzu- 
rucken und somit zwischen dem ersten Ring 
und dem zweiten Ring gegriffenes OberschuB- 
gewebe auszuhOhlen. 

6. Chirurgisches Instrument gemaB Anspruch 5, 
wobei ein am weitesten distal gelegener Bereich 
des vergrOBerten Querschnrtts des Rahmenberei- 
ches dazu geeignet ist, einen dritten Ring (52) so 
zu halten, daB ein Drehen des Endstuckelementes 
den ersten Ring uberden dritten Ring zieht, urn die 
ersten und zweiten Gewebeabschnitte dazwischen 
aufzufangen, und das Vorrucken des Schiebeele- 
mentes den zweiten Ring (72) in einen verriegeln- 
den Eingriff mit dem dritten Ring druckt und damit 
die ersten und zweiten Gewebeabschnitte befe- 
stigt. 

7. Chirurgisches Instrument gemaB einem der 
Anspruche 1 bis 6, wetter umfassend ein Federele- 
ment (332), urn das Schneidenelement in eine am 
weitesten proximal gelegene Position vorzuspan- 
nen. 

8. Chirurgisches Instrument gemdB einem der vorher- 
gehenden Anspruche, wobei der Rahmenbereich 
und das Mittel zum Zuruckziehen gemeinsam eine 
Bohrung (482) begrenzen, die sich in axialer Rich- 
tung uber die Lange des Instrumentes erstreckt und 
dazu geeignet ist, Hilfsinstrumente durch diese hin- 
durch aufzunehmen. 



wobei die Verschiebeeinrichtung ein Schieberele- 45 
ment (346) umfaBt, mit einem Umfangsflansch 
(386), der dazu geeignet ist, den zweiten Ring (72) 
wahrend des AushOhlens der ersten und zweiten 
Gewebeabschnitte nach dem Befestigen zu halten, 
wobei so 

(a) ein Drehen des Endstuckelementes (418) 
den ersten Ring (94) in proximaler Richtung 
neben den Rahmenbereich zieht und den 
ersten und zweiten Gewebeabschnitt dazwi- 55 
schen aufnimmt; 

(b) eine anfangliche distale Bewegung des 
Messeraufbaus durch den Rahmenaufbau es 
gestattet, daB das Verschiebeelement (348) in 



9. Chirurgisches Instrument gemaB einem der vorher- 
gehenden Anspruche, weiter umfassend eine Ver- 
riegelungseinrichtung (456), die dem 
Rahmenbereich zugeordnet ist, urn eine Bewegung 
der AushOhleinrichtung zu blockieren, bis der erste 
Gewebeabschnitt und der zweite Gewebeabschnitt 
im wesentlichen durch die Zuruckzieheinrichtung 
aufgenommen sind. 

10. Chirurgisches Instrument gemaB einem der vorher- 
gehenden Anspruche, weiter umfassend eine Ent- 
luftungseinrichtung (359), urn das Entweichen von 
uberschussigem Luftdruck zwischen den aufge- 
nommenen ersten und zweiten Gewebeabschnit- 
ten und von innerhalb des Instrumentes zu 
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gestatten. 
Revendlcatlons 

1. Instrument chirurgical (300) pour I'application 5 
d'attaches chirurgicales a une premiere section de 
tissu d'organe creux et une deuxiame section de 
tissu d'organe creux pour ('anastomose de celles- 

ci, ledit instrument chirurgical comportant: 

10 

a) une portion de chassis (302); 

b) un moyen de retraction (306) dispos6 de 
maniare coulissante dans ladite portion de 
chassis pour r6unir une premiare section de 
tissu et une deuxiame section de tissu a atta- is 
cher; 

c) un moyen poussoir (346) dispose de 
maniare coulissante dans ladite portion de 
chassis pour appliquer des attaches chirurgi- 
cales aux premiare et deuxiame sections de 20 
tissu r&jnies; 

d) un moyen de dacoupe (350, 352) dispose de 
manure coulissante dans ladite portion de 
chassis et pouvant §tre mis en prise avec ledit 
moyen poussoir pour I'avancement de celui-ci, 25 
pour d6couper le tissu exc6dentaire enferma 
entre les premiere et deuxiame sections de 
tissu raunies; et 

e) un moyen aiastique (348) associa audit 
moyen poussoir pour une mise en et hors prise 30 
alternative dudit moyen poussoir avec ledit 
moyen de dacoupe, ou ledit moyen aiastique 
met en prise ledit moyen poussoir avec ledit 
moyen de dacoupe pendant I'application des 
attaches chirurgicales, et ledit moyen aiastique 35 
met hors prise ledit moyen poussoir dudit 
moyen de dacoupe pendant la dacoupe; et ou: 

f) le moyen de dacoupe comporte un ensemble 
de couteau (350), avec un Pigment de lame 
(352) a r extramita la plus distale pour couper 40 
ledit tissu exc&Jentaire, ledit ensemble de cou- 
teau comportant un moyen d'engagement 
(396) pour venir en prise avec ledit moyen aias- 
tique; et I'instrument atant caractarisa par: 

g) une protection de couteau (376) fixge a 45 
ladite portion de chassis (302) et s'atendant 
distalement dudit aiament de lame (352) lors- 
que ledit Pigment de lame se trouve dans une 
position la plus proximale. 

50 

2. Instrument chirurgical selon la revendication 1, ou 
ledit moyen aiastique comporte au moins un aia- 
ment de daplacement (346) fix6 d'une maniare 
flexible audit moyen poussoir de telle sorte que ledit 
aiament de daplacement vienne en prise avec ledit 55 
moyen d'engagement (396) pendant I'application 
des attaches chirurgicales et se dagage dudit 
moyen d'engagement pendant la dacoupe du tissu 
axcddentaire. 
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3. Instrument chirurgical selon la revendication 2, ou 
ledit moyen d'engagement comporte un avidement 
(396) dans ledit ensemble de couteau (350) et ou 
ladite portion de chassis comporte une chambre a 
son extramita distale avec une partie de zone 
agrandie (368) et une partie de zone diminu6e 
(370) proximale relativement a ladite partie de zone 
agrandie, au moins un aiament de daplacement 
pracita atant sollicita aiastiquement au loin dudit 
avidement de telle sorte que lorsqu'au moins un 
aiament de daplacement pracita et ledit avidement 
se trouvent dans ladite partie de zone diminuae de 
ladite portion de chassis, ledit aiament de daplace- 
ment est sollicita en prise avec ledit avidement en 
mettant ainsi en prise ledit moyen poussoir avec 
(edit moyen de dacoupe, et lorsqu'au moins un aia- 
ment de daplacement pracita et ledit avidement 
sont avancas dans ladite partie de zone agrandie 
de ladite portion de chassis, au moins un aiament 
de daplacement pracita est amena a sortir de prise 
avec ledit avidement en sortant ainsi ledit moyen 
poussoir dudit moyen de dacoupe. 

4. Instrument chirurgical selon la revendication 3, ou 
les attaches chirurgicales (52, 72, 94) component 
au moins une premiare bague (94) et une 
deuxiame bague (72) pour fixer les premiare et 
deuxiame sections de tissu entre celles-ci. 

5. Instrument chirurgical selon la revendication 4, ou 
ledit moyen de ratraction comporte: 

a) un moyen de support (41 4) situa distalement 
relativement a ladite portion de chassis pour 
tenir ladite premiare bague; 

b) un aiament de queue (418) monta a rotation 
a une extramita proximale de ladite portion de 
chassis; et 

c) un ensemble de transmission de ratraction 
(98) f ixa a une extramita distale audit moyen de 
support et pouvant atre mis en prise a une 
extramita proximale avec ledit aiament de 
queue de telle sorte que la rotation dudit aia- 
ment de queue provoque un daplacement axial 
dudit ensemble de transmission de ratraction 
et ainsi dudit moyen de support; 

ou ledit moyen poussoir comporte un aia- 
ment poussoir (346) comportant un rebord circon- 
farentiel (386) apte a supporter ladite deuxiame 
bague (72) pendant ia dacoupe des premiare et 
deuxiame sections de tissu apras la fixation, par 
quoi 

a) la rotation dudit aiament de queue (418) tire 
ladite premiare bague (94) proximalement au 
voisinage de ladite portion de chassis raunis- 
sant les premiare et deuxiame sections de 
tissu entre celles-ci; 
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b) un mouvement distal initial dudit ensemble 
de couteau k travers ladite portion de chassis 
permet audit element de deplacement (348) de 
venir en prise avec ledit moyen d'engagement 

en deplagant ainsi ledit element poussoir a tra- 5 
vers ladite portion de chassis en entraTnant 
ladite deuxieme bague en une relation de fixa- 
tion avec ladite premiere bague en capturant 
ainsi les premiere et deuxieme sections de 
tissu entre celles-ci; et 10 

c) une poursuite du mouvement distal dudit 
ensemble de couteau a travers ladite portion 
de chassis permet auxdits elements de d6pla- 
cement de sortir de prise avec ledit moyen 
d'engagement dudit ensemble de couteau en 15 
permettant ainsi audit ensemble de couteau 
d'avancer distalement independamment dudit 
element de poussoir en d6coupant ainsi le 
tissu exc6derrtaire capture entre ladite pre- 
miere bague et ladite deuxieme bague. 20 

6. Instrument chirurgical selon la revendication 5, ou 
une partie la plus distale de ladite zone agrandie de 
ladite portion de chassis est apte a supporter une 
troisteme bague (52) de telle sorte que la rotation 25 
dudit element de queue tire ladite premiere bague 

sur ladite troisi&me bague pour rgunir les premiere 
et deuxieme sections de tissu entre celles-ci et que 
I'avance dudit element poussoir contraint ladite 
deuxieme bague (72) en une prise de verrouillage 30 
avec ladite troisi&me bague en attachant ainsi les 
premiere et deuxieme sections de tissu. 

7. Instrument chirurgical selon Tune des revendica- 
tions 1 a 6, comportant en outre un element de res- 35 
sort (332) pour solliciter ledit element de lame en 
une position la plus proximale. 

8. Instrument chirurgical selon Tune des revendica- 
tions precedentes, ou ladite portion de chassis et 40 
ledit moyen de retraction d6f inissent conjointement 

un percage (482) s'6tendant axialement sur toute la 
longueur de (Instrument et apte a recevoir des ins- 
truments accessoires a travers celui-ci. 

45 

9. Instrument chirurgical selon I'une des revendica- 
tions precedentes, comportant en outre un moyen 
de verrouillage (456) associe a ladite portion de 
chassis pour bloquer un deplacement dudit moyen 

de decoupe jusqu'a ce que la premiere section de so 
tissu et la deuxieme section de tissu soient sensi- 
blement r6unies par ledit moyen de retraction. 

10. Instrument chirurgical selon I'une des revendica- 
tions precedentes, comportant en outre un moyen ss 
d*6vacuation (359) pour permettre rechappement 
d'une pression d'air excedentaire entre les pre- 
miere et deuxieme sections de tissu r6unies et de 
I'interieur de Instrument. 
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FIG.7 



16 




17 



EP 0 643 946 B1 




18 



EP0 643 946B1 



FIG. 14a 




FIG. I4aa 



FIG.I4cc 

FIG. 14 b 




FIG.I4U 



19 



EP0 643 946B1 




EP0 643 946 B1 




EP0 643 946B1 




22 



EP0 643 946B1 



c8 




00 



00 



23 



EP0 643 946B1 




FIG. 19a FIG. 19 b 




24 



EP0643 946B1 




25 



EP 0 643 946 B1 




EP0643 946 B1 

A 

A ' \ 




27 



EP0 643 946B1 




28 



EP 0 643 946 B1 




29 




30 



EP 0 643 946 B1 




31 




32 



EP0 643 946B1 




33 




34 



EP0643 946B1 




FIG. 34 



35 



EP0 643 946 B1 



$4 343 




FIG. 36 



36 



